Objectives-To analyse the risk of stillbirth from 12 residential and occupational maternal exposures during pregnancy. Methods-Stillbirths and neonatal deaths in 1984 within 24 hours of birth from 10 California counties were identified from death certificates. Controls were randomly selected from live births born in 1984 and frequency matched to cases by maternal age and county. Data sources included vital statistics and a self administered postal questionnaire. Logistic regression and proportional hazards modelling were performed; the proportional hazards considered the truncated opportunity for exposure among cases. Special focus was given to two cause of death groups: congenital anomalies (12% of deaths) and complications of the placenta, cord, and membranes (37% of deaths). Results-Occupational exposure to pesticides during the first two months of gestation was positively associated with stillbirths due to congenital anomalies (odds ratio (OR) 2.4, 95% confidence interval (95% CI) 1.0 to 5.9), and during the first and second trimesters with stillbirths due to all causes of death (risk ratios (RR) 1.3-1.49 95% CI 1.0 to 1.7) and stillbirths due to complications of the placenta, cord, and membranes (RR 1.6-1.7,95% CI 1.1 to 2.3). Occupational exposure to video display terminals in the third trimester was found to have a modest inverse association with stillbirths (RR 0.7, 95% CI 0.6, 0.9). Home pesticide exposure was positively associated with stillbirths due to congenital anomalies (OR 1.7, 95% CI 1.0 to 2.9). Conclusions-Occupational exposure to pesticides, especially during early pregnancy, had a clear positive association with stillbirths regardless of cause of death. Methodologically, this study of stillbirths is unique in its analysis of specific causes of death and use of time specific exposure windows. (Occup Environ Med 1997;54:511-518) 
1.49 95% CI 1.0 to 1.7) and stillbirths due to complications of the placenta, cord, and membranes (RR 1.6-1.7,95% CI 1.1 to 2.3). Occupational exposure to video display terminals in the third trimester was found to have a modest inverse association with stillbirths (RR 0.7, 95% CI 0.6, 0.9). Home pesticide exposure was positively associated with stillbirths due to congenital anomalies ( 20 weeks gestation or more per 1000 live births plus fetal deaths) was 7.5.' In medical research, stillbirths are often combined with either spontaneous abortions to create one outcome of fetal death or combined with neonatal deaths to create one outcome of perinatal death. As a result, research on stillbirths alone among humans has been infrequently conducted and publications on associated risk factors are few.
For example, research on residential (as opposed to occupational) exposures is rare. No relevant studies on exposures to paint, lacquer, or varnish, nor proximity of households to commercial crops were identified. Maternal residential exposure to pesticides has been examined in a few studies2-5 and found to be positively associated with stillbirth.
More research has been reported on maternal occupational exposures than on residential exposures, particularly studies of pesticides and agricultural exposures. Positive associations with stillbirths were found in several studies with increased risk for female agricultural workers ranging from 1.4-fold6 to 5.6-fold.7 Three of four studies on stillbirths and exposure to solvents found a generally positive association,79 10 and the fourth1' found no association. The two studies that examined the relation between stillbirths and maternal occupational exposure to video display terminals' 1'3 found non-significant inverse associations. The one published manuscript that investigated occupational exposure to extreme heat7 found a non-significant positive association with stillbirths. No relevant studies on maternal occupational exposure to disinfectants were identified. This report considers the potential risk of stillbirth and neonatal death within 24 hours of birth (hereafter called stillbirths) from 12 self reported maternal occupational and residential exposures during pregnancy. Because stillbirths represent a likely aetiologically heterogeneous group of outcomes, special focus is given to two cause of death groups: congenital anomalies and complications of the placenta, cord, and membranes. Also, as monthly timing of exposures was available, time specific analyses were conducted. These more precise disease and exposure definitions were expected to yield improved risk estimates relative to earlier research.
Materials and methods
STUDY DESIGN To investigate the association between stillbirths and several potential risk factors, a casecontrol study in 10 agricultural counties in With the residential address on these certificates, an informed consent form and covering letter were posted to all 1272 identified women, followed by a self administered questionnaire. The time between delivery and completion ofthe questionnaire varied between two and four years. This delay was in part due to the time required within the state vital statistics system to create the electronic data tape used to ascertain addresses. The questionnaire considered the mother's medical and reproductive history before and during the pregnancy, occupational and residential exposures, drugs taken during the pregnancy, life events during the pregnancy, lifestyle exposures (smoking, sauna use), and a demographic profile. Month by month exposure information was asked for n=175   n=34  n=25   n=17   n=689  Cases   75  57  51  52  73  67   Controls   82  56  58  31  60  69  Total  78  56  54  39  68  68 most, but not all, variables. DATA ANALYSIS This analysis focused on the association between stillbirths and occupational and residential factors for which the timing of exposures was available. Only those exposures that had at least 25 subjects (cases and controls combined) with exposure in at least one month and a minimum of 10 exposed cases and 10 exposed controls were included in the analysis. Exposure prevalences by trimester and any time during pregnancy were analysed. For all cases, crude odds ratios (ORs) for each potential risk factor were determined along with 95% confidence intervals (95% CIs).
Because stillbirths include a mix of aetiologically different pathways, the case population was subsequently restricted to two cause of death groups with international classification of diseases-ninth revision (ICD-9) codes from the death certificates: congenital anomalies (ICD-9 codes 740-759), and complications of the placenta, cord, or membranes (ICD-9 code 762). Congenital anomalies were evaluated to consider the potential association with exposures in the expected vulnerable time window of the first two months of pregnancy.8 Complications of the placenta, cord, or membranes were analysed because of the many cases in this cause of death group. Because the relevant timing of exposures and their effect on placenta, cord, and membrane complications is unknown, we analysed this case group in all trimesters.
With our month by month exposure data, we were able to investigate specific time periods during pregnancy which, aetiologically, might play a more important part in certain disease pathways. Although the monthly detail, theoretically, would allow us to fine tune the analysis to smaller time frames than trimesters, the relatively few exposed women and the correlation between consecutive months for residential and occupational exposures caused the monthly analysis to be unstable. Therefore, with the exception of the congenital anomaly case group, which used months 1 and 2 combined in the analysis, we show only the more stable trimester results.
Adjusted ORs or risk ratios (RRs) and 95% CIs were calculated with logistic regression models for the congenital anomaly analysis, and proportional hazards models in all other Proportional hazards models can be applied to case-control data wherein the randomly selected controls and a similar random sample of cases (with the same selection probability as the controls) serve as a subcohort, and the risk sets are constructed with those members of the subcohort who are still eligible to be a case at the time of each death.'7 Partial likelihoods, the parameter estimates, and standard errors derived in this manner are as valid as those that would be based on a full cohort study.'7 Our case-control data were transformed into a case-cohort study design as already described and the Epicure Peanuts software' was used to calculate the risk estimates.
Potential confounders controlled in all models included smoking, alcohol use, maternal race and ethnicity, maternal age, county of residence, and earlier pregnancy loss. Season of conception was also included in the models for residential and occupational pesticides. Per capita income was included in the model for occupational exposure to a video display terminal. For the congenital anomaly models, the smoking and alcohol variables represented use any time in the first two months of pregnancy; for all other analyses, the variables represented use any time during the pregnancy. Maternal age and county of residence were controlled because the study design involved frequency matching on these variables. Maternal age is also a risk factor based on some previous research,6"9 but not all. 22 Although low education has been found to be a risk factor in earlier research,2' it was not associated with case-control status in our data (table 2) . Maternal race and ethnicity, age, county, and season of conception were each coded as a set of dichotomous variables, per capita income as a continuous variable, and all other confounders as single dichotomous variables.
All covariates were tested for the proportional hazards assumptions with log cumulative hazard function graphs. The variable The figure shows the truncated opportunity for exposure among stillbirths in months 6-9. As shown, only 36% of the stillbirths had gestations that survived eight full months versus 94% of controls. The differential exposure opportunity highlights the need for time dependent analyses most notably for third trimester exposures as relative risks comparing cases with controls for exposures in the third trimester would clearly be biased downward if survival time was not considered. Similarly, second trimester crude ORs would also be biased downward, but to a lesser extent. 8 Because of this differential exposure opportunity, all further analyses were adjusted lifornia, for exposure opportunity. For all causes of death combined (table 5) , occupational exposure to pesticides showed a positive association only co-with stillbirths in the first and second trimeshazards ters which was significant at P<0.05. Women recoded occupationally exposed to pesticides for one le at the month in the first trimester had 1.4 times the plotted risk of stillbirth of unexposed women, whereas Ifmonth those exposed for all three months in the ch cell), trimester had 2.7 times the risk. The associamonths. tions in the second trimester were only slightly less than those in the first trimester. A modest inverse association (RR 0.7) was found for ponders, occupational exposure in the third trimester to ien were video display terminals. An inverse association Among of borderline stability was also found for occu-:e in the pational exposure to extreme heat in the first ;e status. and third trimesters (RR 0.7). All other response exposures yielded results close to the null. )rtion of Table 6 contains cause of death distributions than the for (a) cases who responded, (b) all cases te non-including those not located and those who did ) Asian, not respond to the questionnaire, and (c) weeks of pregnancy, and an OR of 1.7 for one month of home exposure to pesticides. Both of these associations were significant only at P<0.1. Exposure to extreme heat displayed a notable inverse association of 0.5; however, the 95% CI was wide (0. 1 to 2.6). Women occupationally exposed to pesticides for one month in the first trimester had a 1.7 times higher risk of stillbirth due to complications of the cord, placenta, and membranes than those not exposed (table 8), whereas exposure over the entire trimester versus no exposure was associated with about five times the risk. Relative risks for the second trimester were slightly lower than those for the first trimester. Borderline inverse associations were found for occupational exposure to video display terminals in the second and third trimesters (RR 0.6-0.7). For the first trimester, an inverse association of 0.5 was also found for exposure to occupational extreme heat and a suggestive positive association (RR 1.5) was found for residential exposure to lacquer or varnish, although both these 95% CIs contained 1.0. The association of several covariates and stillbirths differed in the two cause of death analyses, which is reasonable as congenital anomalies and complications of the placenta, cord, and membranes are potentially aetiologically different. Previous fetal loss was an important predictor in the models for deaths due to complications of the placenta, cord, and membranes, but not in the congenital anomaly models. This discrepancy for previous fetal loss might be explained by prenatal diagnostic tests-for example, amniocentesis-that lead to elective abortions among women who are carrying fetuses with anomalies. Within the analysis of stillbirths due to complications of the placenta, cord, and membranes, the magnitude of the association with previous pregnancy loss among deliveries that occurred within 5.5 months of gestation (RR 69) indicates that later losses may be aetiologically different from earlier ones. Because most of the women with previous fetal losses and gestational ages < 5.5 months were black, we reran the models for stillbirths due to complications of the placenta, cord, and membranes without controlling for race and ethnicity; these models produced very similar coefficients. Smoking during pregnancy was moderately associated with stillbirths due to complications of the placenta, cord, and membranes (RR 1.4, 95% CI 0.9 to 2.3) and was not associated with stillbirths due to congenital anomalies. A positive association has been previously reported between smoking and stillbirths from all causes of death.9 21 2426 As expected, mothers over the age of 35 were at greater risk for stillbirth due to congenital anomalies (OR 1.6, 95% CI 0.5 to 5.8) than younger mothers. Hispanic ethnicity was positively associated with the models of congenital anomalies (OR 1.8, 95% CI 0.9 to 3.7), but not in the models of placenta, cord, and membrane complications. For the all cause of death analysis only, black (versus white or non-Hispanic) race had a positive association with stillbirths (RR 1.7, 95% CI 1.0 to 2.8),
Discussion
Risk of stillbirth from occupational and residential exposures Another limitation of the study was the inability to locate 20% of the selected study subjects: those who had moved shortly after delivery, left no forwarding address, and lacked a California drivers' licence. As migrant workers and other highly mobile people were underrepresented, the findings can be viewed as generalisable to moderately non-mobile populations. It is possible, however, that bias was due to the overall response rate of 68%, if non-response was related to a given exposure conditional on cases or control status. We noted that the response rate was equivalent for cases and controls, and we did not have exposure data on the non-respondents with which to evaluate this potential bias.
A third limitation was the small sample size. Although the all cause of death analysis had a minimum of 10 exposed cases, 10 exposed controls, and 25 exposed women combined, the two specific cause of death analyses did not meet these same minimum requirements. Thus, precision of our estimates is low, especially among the smaller case group analyses.
A fourth limitation is our exposure measurement of yes or no in each month of pregnancy. Thus, it is unknown whether there was exposure one day of the month or all days of the month. Further details on specific exposure to pesticides in these data are being analysed.
Misclassification of some of the potential Our findings expand on the current knowledge of the potential harmful effect of occupational exposure to pesticides during pregnancy by (a) identifying two cause of death categories with positive associations (congenital anomalies, and complications of the placenta, cord, and membranes), and (b) narrowing the time window of concern, which has relevance both for individual women and future research. Methodologically, this study of stillbirths is unique in its inclusion of specific cause of death analyses and examination of time specific exposure windows. Our results highlight the benefit of collecting time specific exposures for the analysis of reproductive outcomes, as the associations examined varied by time window. Lastly, our statistical approach considered the need for time adjusted analyses when the exposure opportunity varies between cases and controls. This was rarely performed in the earlier relevant research on stillbirths.
